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ABSTRACT 


A single ocean station was occupied for 27 hours during the 
Upwelling Period in Monterey Bay, California, to study light attenua- 
tion and its relation to other standard oceanographic parameters. 
Comparisons were made with earlier local studies. 

It was found that the vertical distributions of the oceanographic 
parameters studied are dependent on both the seasonal conditions and 
geographical location. 

The largest concentration of suspended particles was found in the 
upper 10-15 m of the water column where most of the light attenuation 
occurred. The largest attenuation gradient was found in the pycnocline. 
A linear relation was sucvested between une attcnuacion coe7ficient ana 
the cumulative projected cross-sectional area of the particles. 

Apparent relations were found between light attenuation and 


temperature, salinity,density, and oxygen and phosphate concentrations. 
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IT. INTRODUCTION 


A. BACKGROUND 
fe Cptical “ropervies Of cea Water 

Current interest in underwater Taser systems, undersea habita- 
tion, and the use of deep submergence vehicles and underwater television 
and photographic camera systems requires detailed knowledge of the pro- 
pagation of visible light in the ocean at various wavelengths, in a 
variety of locations, ana at great depths, as well as information on 
how this propagation varies with time [15]. 

There are two types of optical properties of sea water, the 
apparent and the inherent. The apparent properties depend on the light 
TIeld as weil aS un tie Piysica, composition of ths waters innerenr 
optical properties are the result of the physical action of the medium 
on a given beam of light, independent of beam orientation and existing 
light conditions [25]. Inherent optical properties include transmissivity, 
volume attenuation, volume scattering, and absorption functions, while 
the apparent properties include radiance and irradiance. It is with an 
inherent property that this study concerns itself. 

Beam transmissivity per meter is the ratio of light energy 
received over a one meter path, I. to that entering the beam, lt 

T = Peele 
The volume attenuation coefficient is the negative natural 


logarithm of the transmissivity, and can be represented as follows: 


oe a t(a)d 
r 0 





attenuation coefficient 


a(d) 


d 


distance between source and receiver. 
The attenuation coefficient a(), which is a function of wavelength i, 
may be considered to be the sum of a volume absorption coefficient a(aA) 
and a volume scattering function s(\) , such that 

a(A) = a(aA) + sr). 

Absorption includes all of the many thermodynamically irreversible 
processes by which photons are changed in their nature. Transformation 
of photon energy into thermal kinetic energy or chemical potential 
energy is the major absorption mechanism in the ocean [7]. 

Scattering, on the other hand, refers to any random process by 
which the direction of individual photons is changed without any other 
‘ing of Tight in the cena is nredamnaniy duc ty 
transparent biological organisms and particles that are large when 
compared with the wavelength of light [7]. 

2. factors Affecting Light Attenuation 

The attenuation coefficient a(a) is a function of the wavelength 
of light. This variation with wavelength is due almost wholly to selec- 
tive absorption. Sea water possesses only a single important transmiss- 
ion "window", the peak of which lies near 480 mu. This peak is shifted 
progressively toward the green as the quantity of dissolved organic matter 
increases [7]. The term Gelbstoff or "yellow substance" has been used 
to describe such dissolved organic compounds which tend to be yellow 
colored. In the open ocean Gelbstoff results in part from the chemical 
degradation products of plankton. It is not an exactly defined chemical 
compound, but rather is a complex mixture of compounds. In river waters 


it comes mainly from humus [13]. 
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In pure water containing no suspended particles or in which the 
Scattering centers have dimensions very small with respect to the wave- 
length of light the scattering coefficient varies inversely with the 
fourth power of the wavelengh (Rayleigh scattering). In most ocean 
water, on the other hand, where particles occur that are large compared 
to the wavelength, the scattering coefficient is almost independent of 
wavelength [7]. 

While the distribution of particles suspended in the ocean is 
intimately related to the production of living matter, these particles 
can be divided into organic and inorganic suspensions. Application of 
theory to observed data indicates that a large share of the particles 
that cause light attenuation are less than two microns in diameter, and 
that these particles occur in concentrations from less than one to 
eom bv jobume Lol, ofehakavsky [16! fas ubserved tae Une 
maximum percentage of organic suspensions have diameters from 10 to 25 yu, 
and inorganic suspensions have diameters from 1 to 2.5 yp. The value of 
the attenuation factor depends upon the concentration of the smaller 
particles much more so than it does on the larger ones. Scattering 
produced by suspended particles is dependent on their concentration and 
index of refraction as well as on their size. The characteristic curve 
of extinction against wavelength of light for the visible part of the 
spectrum may be interpreted in terms of the Mie theory [5]. While it can 
be concluded that suspended particles do indeed play an important part 
in the scattering of light in sea water, Burt [4] found that matter which 
could be filtered out of Chesapeake Bay waters, was at least four times 
as effective in scattering at all wavelengths as the matter that could 
not be filtered out. The filter-passing material consisted of fine 


suspensions and whatever dissolved matter that was present. 


if 





Seasonal conditions also have a decided affect on light attenua- 
tion in the ocean. There are three principal seasons that occur along 
the Central California Coast. The Upwelling Period, from January to 
September, is characterized by lower than normal surface temperatures 
(10-11 °C) with no clearly developed isotherms present. This is the most 
Pronounced season, and upwelling is most intense in June and July. The 
Oceanic Period, from September to November, is characterized by surface 
temperatures averaging more than 13 °C. This is the warmest time of the 
year, and there is a sharp thermocline at a depth of only a few meters. 
The Davidson Current Period, from November to January, is characterized 
by surface waters that are only slightly cooler than during the Oceanic 
Period. The thermocline weakens markedly as it is depressed to depths 
of between 50 and 100 m [3]. 

Upwe li iuy TS aHasconeingemctionec? Geman eamenuUeDye TH 
water from sub-surface layers is brought into the surface layer and 1s 
removed from the area by horizontal flow. Upwelling off the west coast 
of the United States is a direct effect of the coastal winds. The 
North Pacific High dominates the atmospheric circulation during the 
Spring and summer months. The predominating winds are northerly or 
northwesterly, blowing equatorward parallel to the coast. The surface 
waters are driven offshore by Ekman transport, resulting in upwelling 
as the water is replaced from deeper layers. Upwelling causes shallow 
isotherms to ascend steeply, sometimes intersecting the surface. The 
vertical temperature gradient may decrease inshore, while there is a 
relatively large horizontal temperature gradient in the surface waters. 
The usual affect of upwelling is to decrease surface salinity, but along 
the California coast the surface salinity is increased. While density 


structure follows the temperature structure, off the California coast the 
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eerie’ effect of the thermocline and halocline gives a very strong 
pycnocline which may intersect the surface as a front during intense 
upwelling. Surface waters become markedly undersaturated in oxygen, 
while high values of phosphate occur in upwelling regions where 
subsurface waters come to the surface [22]. 
3. Uses of Beam Transmittance Data 

The spectral dependence of the beam attenuation coefficient 
(alpha) on the nature of scattering and absorpting constituents of the 
water makes it a useful means of characterizing and identifying water 
masses [7]. In addition to being a sensitive measure of the location 
and movement of water in the study of ocean and tidal currents, alpha 
provides important information for the study of ocean ecology [18]. 

Studies of light attenuation have resulted in some interesting 
mimaings (see veriow , TO). Pe hae beonetiommeaethategroeincreascsinetu: - 
centration of particulate matter as the bottom is approached is affected 
by horizontal flow. Such flow, caused chiefly by tides, results in the 
rising and sinking of sediment in accord with the tidal rhythm. The 
horizontal distribution of the attenuation coefficient has to some extent 
provided a basis for a new approach to study of horizontal diffusion in 
the sea. Success has accompanied efforts to use beam transmittance as a 
property for identifying water masses, areas of upwelling, and current 
Structure. In addition, movements of a discontinuity layer that is 
indicated by the collecting of particles, can be followed. Jerlov [9] 
has also found that the abundance of "yellow substance" found in some 
rivers makes it possible to localize from its distribution the fresh- 


water tongues near such river mouths. 


is 





B. PREVIOUS LOCAL STUDIES 

A continuing series of oceanographic surveys has been conducted by 
the Naval Postgraduate School off the Central California Coast. The 
following studies are reviewed with emphasis on their conclusions as 
they pertain to the transmissivity of sea water. All of the studies 
were concerned with only the upper 100 m of surface water. 

1. Yeske and Waer [26] 

L.A. Yeske and R.D. Waer conducted the first in a series of 
investigations during the Upwelling Period. Two stations within Monterey 
Bay, California, were occupied during July and August 1968. From their 
Study they found that isolated pockets of relatively high or low salinity 
appeared to be associated with beam transmittance perturbations. In 
Spite of this, a salinity relation with beam transmittance was not 
Clearty utfrieu. Tncvromwec Teer velstianeapemween heam Transm! Ll Vawod 
contours and temperature isolines and isopycnals. There was some rela- 
tion with particulate matter. The regions of greatest particulate con- 
centrations were in the pycnocline and thermocline, where the greatest 
change in transmissivity was observed. There seemed to be roughly a 
linear relationship between values of particle count and beam transmittance. 

2. Labyak [14] 

P.S. Labyak also conducted his studies during the Upwelling Period 
from 10-18 May 1969. He investigated 79 oceanographic stations along the 
Pacific Coast between San Francisco Bay and Monterey Bay and found a 
fairly good relation between beam transmittance and temperature except in 
the near shore areas. As did Yeske and Waer, Labyak found that beam 


transmittance and particulate matter concentrations related fairly well. 





3. Shepard [20] 
A.B. Shepard also conducted a study during the Upwelling Period. 


He investigated 85 stations between Monterey Bay and San Francisco Bay 
during the period 29 April - 5 May 1970. A fair relationship was found 
to exist between beam transmission and particle count. In addition, he 
found that the surface layers containing high oxygen, high chlorophy]] 
a, and low nutrients, all indicating high productivity, were associated 
with high particle count and low transmissivity. 
4. Baker [2] 
The first of these studies during the Oceanic Period was by R.S. 
Baker. He occupied 86 stations between Monterey Bay and San Francisco 
Bay from 7-14 November 1969. Other than observing a layer of maximum 
particle count within the thermocline, no relation between temperature 
Brida bedin Uraveniccance wec chveryea. as wiEho tne erier tiveatisaterc, 
Baker found good relation between particle count and beam transmittance. 
No relation between beam transmittance and oxygen content was observed. 
5. Soluri [23] 
E.S. Soluri also investigated the area during the Oceanic Period 
from 1-6 November 19/70. This study included the investigation of 86 
Stations along the coast between San Francisco Bay and Monterey Bay. In 
contrast to all previous studies, he found a poor over-all relation 


between cummulative particle volume and beam attenuation coefficient. 


Ca PODS ECT IVE 
In the analysis of oceanographic data one must find qualitative 
relationships between various parameters before quantitative correlation 


analysis is performed. 
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| The objective of the present study was to find the qualitative 
relations between alpha and temperature, salinity, density, oxygen and 
phosphate concentrations, and particulate matter at a single ocean 
Station occupied for an extended period of time, and to make comparisons 


with previous local studies. 





IT. QBSERVATIONAL PROCEDURE 


A. CRUISE PROCEDURE 

For a 27 hour period beginning at 0600 on 16 June 1971 a single 
oceanographic station was occupied in Monterey Bay (36° 41.8' N, 122° 
02.8' W) over the Monterey Submarine Canyon in approximately 900 fathoms 
of water (Figure 1). This location approximates open-water conditions 
and was occupied by Bolin at weekly intervals from 1951-55 [3]. The 
USNS BARTLETT (T-AGOR-13) was the oceanographic vessel used. Prior to 
each observation, the ship was repositioned using radar and visual 
Sightings. It is estimated that the positioning error was of the order 


of + 460 m. 


B. INSTRUMENTATION 

A Marine Advisors' Model C-2 Beam Transmissometer (alpha meter) was 
used. This instrument is described in detail by Yeske and Waer [26]. 
Prior to this investigation, the alpha meter was over-hauled by Marine 
Advisors, Inc., San Diego, California, to reduce the beam diameter to a 
size somewhat smaller than the receiver entrance pupil, and the instrument 
was pressure tested to 1000 feet. In addition, it was compared with a 
Scripps folded path transmissometer [19] at the Visibility Laboratory, 
Scripps Institute of Oceanography, San Diego, California. The two 
instruments were found to agree favorably over a wide range of 
transmissivity. : 

In order to allow its use below the previous 100 meter-limit, the 


alpha meter was used with a 6-volt lead-acid battery pack and a winch 


Fitted with 3/16" 4-conductor armored cable. The battery provided 
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eiadetiat ty constant voltage during each cast, thus eliminating the 
problem of voltage regulation from the surface. The battery pack could 
be used for three to four casts before it had to be recharged. At 
present this instrument package is limited to a depth of approximately 
300 m. 

A Bissett-Berman Telemetering Salinity-Temperature-Depth-Sound 
Velocity System Model 9040 was used. It can be set in various modes of 
operation depending on the environmental conditions measured. Table III 
(Appendix A) outlines the modes used. This instrument was operated and 
maintained by the NAVOCEANO detachment aboard ship. 

A Sippican Expendable Bathythermograph System was used. It is 
described in detail by Labyak [14] and has an accuracy of + 0.2 °C and 
+ 2 percent or 15 feet, whichever is greater. 

A Model T Ib-Channei Couiter Countcor dosurihed by sneverd 7204 was 
used for particulate matter analysis. A 100-y diameter orifice was used 
on each 2 ml sample. 


Hydrographic casts were made using standard Teflon-lined Nansen 


Bottles. 


C. DATA COLLECTION PROCEDURE 

A total of 48 casts were made during the 27 hour period that the 
station was occupied. Table I (Appendix A) summarizes these casts. 

Due to the proximity of the XBT launcher to both the hydrographic 
and alpha meter winches, XBT drops could not be made while either of 
these winches were in operation. The distance between eee two winches 
was such that they could be used simultaneously if instruments were 


lowered to only 250 m. 


ig 





In order to facilitate the determination of relations between various 
parameters, all measurements were taken at the same depths. The sample 
depths in the upper layers were chosen closer together, since this is 
where the greatest gradients in the parameters under study were to be 
found. 

Oxygen samples were drawn and fixed immediately after the completion 
of each hydrographic cast. The dissolved oxygen concentration was 
determined using a modified Winkler titration method [6]. 

Salinity was determined at sea using a Bissett-Berman Inductive 
Salinometer Model 6220. 

Reactive phosphorus was determined using a Beckman Model DU-2 
Spectrophotometer according to the method described by Strickland and 
Parsons [24]. 

Values of all data cuiievieu arc listed in Ampanaiy A Avenutces 
D and E present reproductions of XBT traces and S/T/D/SV traces 


respectively. 
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III. DATA ANALYSIS 


A. STATION DATA 
In choosing previous stations with which to compare the present study, 

two general locations were picked. The stations in Monterey Bay were 
chosen for their proximity to the present station in order to determine 
Seasonal dependence of the various parameters. In order to determine 
location dependence, an area off Point Montara, approximately 50 n mi 
southwest of San Francisco Bay, was picked. A summary of weather con- 
ditions for all stations is givin in Table IX (Appendix B). Under 

the present heading is presented a summary of water conditions at each 


Station. Figures 2 and 3 show the locations of these stations. The 


relative “clearness of Une water it dofined sich tnat “eciear” wauey c5 
an attenuation coefficient less than .357 m” "relatively clear" water 
has an attenuation coefficient between .357 m7 and .693 mo! and "rela- 


tively turbid" water has an attenuation coefficient greater than .693 ml 


The present station (36° 41.8 'N, 122° 02.8 'W) was occupied 16-17 
June 1971. This station was in approximately 1700 m of water, 5.8 n mi 
off Point Pinos in Monterey Bay. The average sea surface temperature 
was 12.0 °C with a thermocline from 10 to 30 m. The surface layer was 
"relatively turbid" to a depth of 12 m, with "relatively clear" water 
below to a depth of 30 m, with "clear" water below this. 

Yeske and Waer's station DELTA was at the same location as the present 
Station. Two days were chosen for comparison: 23 August. 1969 at 0945 
and 30 August 1969 at 1730. The sea surface temperature was 13.7 °C with 
a thermocline from 10 to 12 m. The surface layer was "relatively turbid" 


to a depth of approximately 15 m with "clear" water below [26]. 


2] 
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Figure 2. 
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Labyak's Monterey Bay stations D7 (36° 48.0' N, 121° 59.0' W) and 
D8 (36° 46.7' N, 121° 59.0' W) were occupied 12 May 1969. These stations 
are in 342 and 714 m of water, respectively, 10 n mi from Point Pinos, 
and 6 n mi shoreward from the present station. The sea surface tempera- 
ture was 11.1] °C with a thermocline at approximately 25 m. The water 
was "relatively clear" throughout the water column. Stations N10 (37° 
32.2' N, 122° 54.5' W) and N11 (37° 32.5' N, 122° 58.8' W) were occupied 
16 May 1969. These stations are in 95 and 278 m of water, respectively, 
25 nmi west of Point Montara. The sea surface temperature was 10.7 
and 11.4 °C, respectively, with a thermocline at approximately 15 m. The 
Surface layer was "relatively turbid" to a depth of 18 m with "clear" 
water below [14]. 

Shepard's Monterey Bay stations B10 (36° 42.6' N, 121° 59.4' W) and 
Bie (30° 41.2" a, VEP° SOe2' W) weresoccuues 25 Agr. OTe. These 
stations are in 480 and 108 m of water, respectively, 4 n mi from Point 
Pinos, and 2.5 n mi shorward from the present station. The sea surface 
temperature was 10 °C with a thermocline at approximately 15 m. The 
surface layer was "relatively turbid" to a depth of 20 m with "relatively 
clear" water below this to a depth of 65 m, with "clear" water below. 
Seaton K9(37° 31.2' N, 121° 58.0' W) and K10 (37° 32.34 Ns 122° 58.0" W) 
were occupied 4 May 1970. These stations are in 167 and 755 m of water, 
respectively, 24 n mi west of Point Montara. The sea surface temperature 
was 11.9 and 12.3 °C,respectively, with a thermocline at 20 and 14 m, 
respectively. This area showed "clear" water to a depth of 100 m [20]. 

All of the above stations were taken during the Upwelling Period 
and exhibit water conditions that one might expect to find. The following 


Stations were taken during the Oceanic Period. 
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hpaerale Monterey Bay stations B10 (36° 43.0' N, 121° 58.9' W) and 
B11 (36° 41.4 ' N, 121° 59.2' W) were occupied 11 September 1969. These 
Stations are in 320 and 113 m of water, respectively, 4 n mi from Point 
Pinos, and 2.5 n mi Shoreward from the present station. The sea surface 
temperature was 14.6 °C and the water column was isothermal to 100 m. 
This area showed "clear" water at all depths. Stations K9 (37° 32.3' N, 
war 52.5" W) and KiOe(37° 32.3'eN, 121° 56.0' W) were occupied 12 
November 1969. These stations are in 90 and 108 m of water, respectively, 
25 n mi west of Point Montara. The sea surface temperature was 14.5 °C 
with a thermocline at 20 m. This area showed "relatively clear" water 
to 100 m with a tongue of "clear" water between 20 and 40 m [2]. 

Soluri's Monterey Bay stations B10 (36° 42.8' N, 122° 59.1' W) and 
Bll (36° 42.1' N, 122° 59.1' W) were occupied 5 November 1970. These 
Stations are Tn 247 and TCS i GF WakerpresPaglively, = Neietram Peint 
Pinos, and 2 n mi shorward from the present station. The sea surface 
temperature was 13.3 °C with a thermocline at approximately 65 m. This 
area showed "clear" water to a depth of 100 m. Stations K9 (37° 32.0' N, 
122° 58.1' W) and K10 (37° 32.0' N, 122° 03.6' W) were occupied 2 
November 1970. These stations are in 210 and 600 m of water, respectively, 
25 n mi west of Point Montara. The sea surface temperature was 12.9 
and 13.5 °C,respectively, with a thermocline at approximately 40 m. The 
upper 15 m at station K9 was "relatively clear" with "clear" water below, 
while station K10 exhibited "clear" water to a depth of 100 m [23]. 

A summary of water characteristics for all stations can be found in 


Table X (Appendix C). 
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B. OCEANOGRAPHIC PARAMETERS 
1. Physical Parameters 
a. Particulate Matter Analysis 

For a given body of water one may assume that the primary 
factor affecting light attenuation will the particulate matter present 
Causing scattering. Yeske and Waer [26], Labyak [14], Shepard [20], and 
Baker [:2] have related light attenuation and particle count with some 
degree of success. Figure 4 shows plots of particle count against depth 
for varying particle diameters (1.6 to 32 u). All of the profiles show 
Similar shapes, which reiate well with the alpha profile for the same 
water column. The larger particles are more sensitive indicators of 
light attenuation than are the smaller ones. 

Bader [1] observed that many natural collections of small 
Particles such aS ii€Mar ana organic particiss suanmendes in Sea wate: 
have hyperbolic distributions. He found that a log-log plot of equival- 
ent spherical diameter versus cumulative particle count for sea water 
Samples from Abaco Bight, Little Bahama Bank, resulted in two lines, 
one with a slope of -1.45 (particle diameters greater than 4.6 yu) and 
the other with a slope of -.88 (particle diameters less than 4.6 yu). 
These appear as dashed lines on Figures 5 through 8. The general slope 
of these plots (log count against channel number) closely follows Bader's 
line of slope -1.45. 

Variations from the "normal" hyperbolic distribution are 
indications of the presence of particles in excess of what could be con- 
Sidered a "background" count of particles in sea water. . Two areas of 
interest are the 4.00- size (channel 9) in Figures 5 and 6. This size 


particle was distributed uniformly over the entire water column to 
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200 m, and was probably due to a bloom of plankton of this 
characteristic size. 

The larger particle distributions also vary from this 
"normal" hyperbolic distribution. Although some of this variation is 
the result of statistical uncertanity in the counts, it is also an 
indication of the presence of many different particles that can be 
found in an upwelling region. 

It is of interest to note the plots for the upper 10 m of 
the water column. For the larger particles (4 yu and above), a distinc- 
tive grouping of plots is evident. These large particles are most likely 
phytoplankton that reside in the upper layer of the ocean. The positions 
of the three sample depths, 0, 5, and 10 m, compared with the positions 
of all the other sample depths throughout the day, reveal the vertical 
Yariation of particulate matter over wie period of ile easis. in tue 
middle of the day (Figure 5) the distribution of particles throughout 
the water column is seen to be rather mixed. As the day passes (Figures 
6 and 7), the particle count in the upper layer increases while the count 
in the lower layers decreases. Late at night (Figure 7) there is a large 
concentration of particles in the upper 10 m, while the lower layers are 
relatively void of particles. In Figure 8, the next morning, one can see 
how the particles are beginning to migrate upward, approaching the 
representation as in Figure 5. 

A parameter more realistic than particle count is particle 
Size. Soluri [23] related alpha to cumulative particle volume. This 
is valid since the cumulative volume of the particles can be translated 
into a projected cross-sectional area, which is what determines how much 
light will be attenuated. Soluri also compared alpha with cross-sectional 


area. The method of area calculation is very important. The area mus:: 
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be calculated for each particle size, then summed for the entire sample. 
Figures 9 through 12 compare volume, area, and alpha against depth. The 
shapes of these curves show a relation between these parameters. Figure 
13 is a plot of alpha against area and suggests a linear relation 
between these two parameters. 

Figure 14 shows plots of alpha against area for Soluri's 
data. Although no clear relation could be found for either the Monterey 
Bay or Point Montara stations, the data points were grouped together. 

At these stations, Soluri found the water to be either "relatively clear" 
Om clear’. 

Figure 15 shows plots of alpha against area for Shepard's 

data. Again for the Point Montara stations where the water was "clear", 


all of the data was grouped together. For the Monterey Bay stations, 


: = as ~ AF a os ay eee esis s u 8 be . ef 
whana tha WATS: WAY: a TYoR Te EALIVvery vuumeia”’ TO ieeSon 


, oa youd 
relation can be seen. 

Figure 16 presents all of these various plots together. 
Although the spread is large, a definite relation between alpha and area 
can be seen. It is interesting to note that the data points for "clear" 
water agree well with all the other data. 

b. Density 

While particulate matter in water determines the amount of 
light attenuation, its distribution within the water column is greatly 
dependent upon the density. 

Figure 17 is a plot of log alpha against vertical density 
gradient. As one would expect, alpha in general inreases with an 
increase in density gradient. Yeske and Waer [26] and Baker [2] found 


high levels of beam attenuation in the thermocline and pycnocline. With 
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a small density gradient many different particles can be spread out over 
a water column, while in large gradients many particles tend to accumulate 
within short vertical distances. 

Figure 18 shows a relation between log alpha and density for 
the present station data; Figure 19 shows similar relations for data 
collected by Yeske and Waer. Figure 20 shows the relation for Shepard's 
Monterey Bay station data, while Figure 21 reflects a grouping of such 
data for the Point Montara stations, "clear" water stations. Figure 22 
presents all of these plots together. The plots that show good 
relations (Crews, Yeske and Waer, and Shepard) have similar slopes. The 
plots for Crews and Yeske and Waer have similar bends. Shepard's Point 
Montara data has too large a spread to enable us to reach any definite 
conclusions. 

c, lemneratinre 

Temperature is one of the best parameters with which to relate 
the attenuation coefficient. First, density is highly dependent on tem- 
perature. Second, temperature is the easiest parameter to measure. 

Plots of log alpha against temperature for the present 
station data (Figure 23) as well as data from Shepard (Figure 24), 
Labyak (Figure 25), Yeske and Waer (Figure 26), and Baker (Figure 27) 
Show apparent relations. As before, data obtained from "clear" water 
(Figures 24, 25, 27, and 28) tend to group. The curve from Baker's data 
(Figure 27) reflects the tongue of "clear" water found between 20 and 
40 m at the Point Montara stations. = 

Figure 29 presents all of these plots together. If the 
data which did not relate is disregarded, the positive slopes for the 
data of Crews, Shepard,Yeske and Waer, and Baker appear to be very 


Similar. 
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Figure 21. Attenuation Coefficient versus Density 
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Figure 22. Attenuation Coefficient versus Density (Composite) 
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Figure 24. Attenuation Coefficient versus Temperature. 
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Figure 25. Attenuation Coefficient versus Temperature. 
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Figure 28. Attenuation Coefficient versus Temperature. 
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2. Chemical Parameters 

Pytkowicz [17] observed the relationship between phosphate and 
oxygen concentrations off the Oregon Coast under varying seasonal condi- 
tions. Figure 30 is a plot of PO, against 0, for the present station 
data. Pytkowicz's line for June is presented for comparison. Although 
there is a relation between these two parameters for the present data, 
this relation is different from that of Pytkowicz. Soluri's data are 
also presented for comparison. 

Plots of log alpha against oxygen concentration (Figures 31 and 
32) show relations for the present data and Shepard's data. On the other 
hand, Soluri's data (Figure 33) shows no relation. Presenting all of 
these plots together (Figure 34) shows that Shepard's and Crews' plots 
have similar slopes. Soluri's data was in a "clear" water area. 
pRoasphaeewsantem: for Ene Bresent dar 
and Shepard's Monterey Bay station data (Figures 35 and 36) show a rela- 
tion between these parameters. Shepard's Montara Point data as well as 
Soluri's data (Figure 37) show little relation. As before, for "clear" 
water little relation was found. Figure 38 presents the relationship 
between data for the various stations. 

Figure 39 is a plot of log alpha against salinity. There appears 
to be a relation between these two parameters at the present station. 
Figure 40 shows a relation between these parameters for Yeske and Waer's 
data of 30 August 1969. The similarity between these curves and the curves 
of Figures 18 and 19 reflect the effect that salinity has-on density. 
Both Shepard's data (Figure 41) and Soluri's data (Figure: 42) show a 
relation between log alpha and salinity. As in previous comparisons, data 
obtained from "clear" water (Figures 41 and 43) tend to group rather than 


Show any real relation. Figure 44 presents all of these plots together. 
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Figure 31. Attenuation Coefficient versus Oxygen. (Crews) 
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Figure 32. Attenuation Coefficient versus Oxygen. 
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Figure 34. Attenuation Coefficient versus Oxygen (Composite) 
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Figure 35. Attenuation Coefficient versus Phosphate. 
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Figure 36. Attenuation Coefficient versus Phosphate. 
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Figure 37. Attenuation Coefficients vs. Phosphate. 
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Figure 38. Attenuation Coefficient vs. Phosphase (Composite) 
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Figure 39. Attenuation Coefficient vs. Salinity (Crews) 
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Figure 40. Attenuation Coefficient versus Salinity. 
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Figure 41. Attenuation Coefficient versus Salinity 
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Figure 42. Attenuation Coefficient versus Salinity. 


69 





(Soluri) 
. Monterey Bay 


2.0 
~— 
-m 1.0 
= 
— 
3 
! 
e5 
Re er eee 00 ae eee a ana 
\ ° 7 
re oe 
- 7 
0.2 < Be 
\ r a 
NX “” 
Se ° a 
a 
e 7 
7 
e& 


32.90 33.10 33.30 33.50 33.70 ~ 33.90 
S(°/00) 


Figure 43. Attenuation Coefficient versus Salinity. 
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As with density (Figure 22), the plots of log alpha against salinity 
show good relation under certain conditions, however, these 
relationships vary widely. 

3. Time Dependence 

Vertical profiles of oxygen and phosphate concentration, alpha, 
Salinity, temperature, and density are presented for the entire 28 hour 
station in Figures 45 through 50. 

Only gross approximations of temporal change can be obtained 
from the oxygen (Figure 45) and the phosphate (Figure 46) concentration 
profiles due to lack of data. While the phosphate isopleths remained 
Stable, the oxygen isopleths varied vertically. 

Comparing the isopleths of alpha (Figure 47) with those for salinity 
(Figure 48), temperature (Figure 49), and density (Figure 50) it is 
peidgent that oh. higvest graaients of alpha oggur in gne evcnocline. 

The temporal changes in these isolines may be attributed to tidal fluctua- 
tions as suggested by Yeske and Waer [26] as well as biological causes 
and internal waves. Again, in order to get high resolutions of temporal 


change, more frequent casts must be made. 


C. SUMMARY AND DISCUSSION 

While particulate matter suspended in a water column greatly affects 
the amount of scattering of the light, the density structure of the water 
column affects the particle distribution within the column. Since 
density is highly dependent on temperature, the latter is a good 
parameter with which to relate light attenuation in the sea. 

During an upwelling period a majority of the particulate matter 
Suspended in the water is planktonic. Chemical parameters such as 


oxygen and phosphate concentrations will be affected by the amount of 
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Salinity versus Time. 
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Figure 49. Temperature versus Time. 
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Figure 50. Density versus Time. 
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such particulate matter present, which will reflect the amount of pro- 
ductivity. Salinity, as it relates to density, also determines the 
distribution of suspended particulate matter. All of these oceano- 
graphic parameters can be related to light attenuation, in particular 
to the scattering coefficient. 

One woula like to be able to predict the inherent optical properties 
of a given water mass. From the qualitative approach of this study, it 
can be seen that prediction may be possible. In particular, the rela- 
tive positions of the various plots of log alpha against temperature 
(Figure 29) appear to be related to the surface temperature. As the 
Surface temperature increases, the plots move to the right (temperature 
increases to the right in this figure). 

In all cases when the water was either "relatively clear" or "clear", 


sam Tat 
flrune 


Taannt 
' fyite 


WL was Gifficuit to c ie WIG Qay OF Tae erner yvara- 
meters. This is reasonable since "clear’ water means less particulate 
matter, thus lower scattering. It is encouraging that, although the 
various data clustered together under these conditions, the groupings in 


general were located as one would expect. 
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| IV. CONCLUSIONS 


The vertical distributions of particulate matter, density, salinity, 
temperature, oxygen and phosphate concentrations, and light attenuation 
coefficient are dependent on both the seasonal conditions and 
geographical location. 

A good relation between the light attenuation coefficient and par- 
ticulate matter concentrations was found. The largest concentrations 
were found in the upper 10 - 15 m, where the largest light attenuation 
also occurred. The largest attenuation gradient occurred in the pycno- 
cline. An apparent linear relation was found between the attenuation 


coefficient and the cumulative projected cross-sectional area of the 


narticlas 


we wll ee Ue Ce 


A good relation was found between log attenuation coefficient and 
temperature. Fair relation was found between log attenuation coeffici- 
ent and salinity and density. Fair relation was found between log 


attenuation coefficient and the oxygen and phosphate concentrations. 
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V. SUGGESTIONS FOR FUTURE RESEARCH 


More stations should be occupied for periods of at least 24 hours to 
determine the inherent optical properties under differing seasonal 
conditions and at various locations. 

A computer analysis of the relatively large amount of data already 
available should be conducted to determine numerically the correlations 
between the various oceanographic parameters. 

The beam transmissometer should be fitted with a variable inter- 
ference filter to study the spectral dependence of the beam attenuation 
coefficient. 

Detailed studies should be conducted to identify the various suspended 
icles to be found and their resnective roles with Peuar@ tv Une 


optical characteristics of the water column. 
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APPENDIX A - DATA TABLES 
Table I - Summary of Casts 


TIME 
oS yO s/t /0ysv_ 


16 June 197] 


0600 X 

0603 X 

0630 X 

0742 X 

0800 X 

0808 X 

0900 X 

0918 X 

1000 X 

1025 X 

1030 X 

1130 X 

1230 X 

izes X 

1355 X 

1430 X 

1508 X 

1600 X 
: reer i x ; 

1700 A 

W223 X 

1800 X 

1811 X 

1959 X 

2000 X 

Zl X 

2200 X 

2220 X 

2317 X 

2340 X 

2354 X 

17 June 1971 

0030 X 

0200 X 

0226 X 

0300 i! X 

0400 X 

0424 X 

0512 : X 

0548 X 

0600 X 

0700 | X 

0731 X 

0810 X 

0845 X 

0934 X 

0959 X 
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Table Ila - HYDROGRAPHIC CAST DATA 
Time: 

Down 161215 June 1971 

Up 161300 June 1971 

Cast 161235 June 197] 


Depth (meters) Salinity (°/oo) | 0, (ml/1) PO, (uga/1) 


0 --- DECC 1.63 
S --- Ses eo 
10 --- ee 1.47 
Es 33209) ome reo3 
oe ! 32. 4/4 2.06 ae 
50 339950 S05 2.10 
1S 33a) 0 2.49 2.20 
100 35500 2.20 L353 
ae 33.647 oe ZOE 
200 33.477 1.64 2.44 
250 --- -- -- 
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Table IIb - HYDROGRAPHIC CAST DATA 
Time: 

Down 161713 June 197] 

Up 161732 June 1971] 


Cast 161725 June 1971 





90 33GO07 ZG G30 
is SOTO Zell oS 
100 33) 487 Ls 2.36 
Tse 33.808 1.88 2.36 
200 34.038 1.54 2 #356 
250 --- -- - = 
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Table IIc - HYDROGRAPHIC CAST DATA 
TIME : 

Down 162200 June 1971 

Up 162243 June 1971 

Cast 162220 June 1971 





Depth (meters) Salannrey | °700) 0. (m1/1) PO, (uga/1)} 
0 33.996 6.95 0.94 
5 33.999 7.44 0.94 
10 33.997 YOS 0.96 





So 





Table IId - HYDROGRAPHIC CAST DATA 
Time: 

Down 170830 June 1971 

Up 170904 June 1971 


Cast 170845 June 1977 
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Table III - S/T/D/SV REFERENCE DATA 


Salen cy : 


Mode - 3 
Interval 
Accuracy 


Temperature: 


Mode - 3 
Interval 
Mode - 4 
Interval 
Accuracy 


Sound Velocity: 
Mede = 2 
interyva! 
Accuracy 


Depth: 


Accuracy 


Soe LO sor Opt 


2 O02 spe 


+6 to +11 °C 


tO ee eae ona 
= (0.12 16 


0 toe s00en 
500 to 6000in 


8/ 


+ + 


SU I/ >See 
Cc 


n> 
= 





Table IVa - S/T/D/SV DATA 
Time: 
Down 160918 June 1971 
Up 160928 June 1971 
Cast 160918 June 1971 
































Depth Ty Tt T(av) Sy 
(meters) (°C) (°C) (°C) (°/00) 
0 Lie 11.3 lise 33.84 
10 0:20 10.0 10.00 S540 
20 9.5 eS Oya Sonos 
30 9.0 9.0 9.00 34.00 
40 8.9 Sno Sao 34 .00 
50 8.8 S26 8.80 Sau 
60 8./ 8.8 Seo 34.03 
70 ers G25 8.60 34.04 
80 8.5 | 8.5 8.50 | 34.00 | 
= a | 68 | Sse 8.5 ¥ ee 
100 omg 8.3 SeoG 34.04 
110 Sac 8.2 8.20 oo ee 
120 8. ] 8.2 SES 34 .08 
130 8.1 8.0 8.05 34 . 08 
140 Gau 8.0 8.00 34. 
150 sae 8.0 8.00 34. 
160 8.0 Cal 8.05 oe 
170 149 8.0 7295 oa 
180 7.9 8.0 7.95 34. 
190 7.9 8.0 7.95 34, 
200 7.9 S20 7395 34, 
210 0 7.9 Ls oF 34.19 
220 135 7.8 7285 34. Soe lc 
230 [x5 720 720 oan 34.18 
240 Tso 75 7.40 34.1 Sano 
250 7.1 7.4 [xO 34. 
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Depth 
(meters ) 


0 
10 
20 
30 
40 
90 


60 
70 
80 
9U 
100 
110 
20 
130 
140 
150 


160 
170 
180 
190 
200 


210 
220 
230 
240 
250 


TY 
(2g 


We 


—! 
© 


~m © © © wo wo oO © 


“I © © © © GH © OOO Fe 


Go: CO © ©) © © COC CSS. Sj... 


“SON NS NM “NS 


TABLE IVb - S/T/D/SV DATA 
Time : 
Down 161508 June 1971 
Up 161521 June 1971 
Cast 161508 June 1971 



















T(av) S¥ St S(av) 
ae °C) | (°700) | (2700) _| (°/00) 
5 ilies Iileesd 33.84 34.10 Saag 
0 1:0 10.00 33.84 34 .00 33.92 
] eae 9.20 Sone) 33.96 33.96 
0 9.0 9.00 33.97 34.04 34.01 
8 ons Sooo 33.99 34-01 34 .00 
6 Ce Cue 33.96 34.01 33.98 
5 8.4 8.45 eco) 3403 34 .02 
5 ons 8.40 5450 or, OS 34 .02 
3 Ono 8.30 34.04 34 .06 34.05 
Pi et | 8 ' was ar (am 
3 Bez Gees 20/ 

Oue once 08 
Sue Cues .10 
8.2 Beco rl 
oul Go. 1G 09 
Onl 8.05 OF 
8.1] Ones 14 
8.0 8.05 ae 
8.0 8.00 mle 
8.0 8.00 etc 
8.0 g 95 Brae 
7.9 7.90 | 
7-8 Versi o2| 
7.8 a .80 eel 
1a Tao 22 
16 7.60 ie2 
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Depth 
(meters) 


0 
10 
20 
30 
40 
90 


60 
70 
80 





Ty 
(°C) 
22 
oes 
9.15 
16 
9 
a5 


64 
0 
-40 
40 
39 


CO @iy CO © CO 3 wm 


oy 
sok 
soo 
200 
40 


-40 
35 
. 30 
AS 
a0) 


14 
.04 
.00 
.80 
Bis, 
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Table IVc - S/T/D/SV DATA 
Time: 


Down 161959 June 197! 
162020 June 1971 


Up 


Cast 161959 June 1971 


Tt 
(°C) 
12.6 
10.4 
m5 
a 
85 
LD 


LO 


.64 
aol 
. 90 


2 ti) 


40 


CO &% CO CH © CO CMH Wo 


.40 
0 
36 
Foc 
roe 


730 
le 
eS 
34 
co 


s20 
aL 
w05 
aoe 
io 


~~ “I CO © © oo OO OO © CO OO & 


90 


CO CH WO 


“ ™S CO CO © CO CO MO © Oo WO WO WO CO OO CO CG) CO WO OO 


4 
40 
cod 


36 


36 
yl 
40 


0 
34 
Oe 
ou) 
24 


ale 
07 
.02 
.88 
oho 


30m 
33h 


33 


34 


34. 
34. 
34. 
34, 
34, 


34. 
34. 
34. 
34. 
34. 


ce 
34, 
34. 
34. 
34. 


00 


88 
88 


96 
335 
So 
oon 


20 
98 
96 


.O1 
34. 
34. 
O4. 


34. 


02 
03 


eal 
st) 


4. Ut 


34.06 


34.07 
34.07 
ot.07 
34.07 
34 .08 


34 .08 
34.11 
34.13 
34.15 
34.16 


34.19 
34.20 
34.21 
34.21 
34 22 









Depth 
(meters) 
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10 
20 
30 
40 
00 


60 
70 
gn 
90 
100 


110 
120 
130 
140 
150 


160 
170 
180 
190 
200 


210 
220 
230 
240 
Zo) 


1] 


wowmwnDn wovnodo WOWwoD WO WwW © CO CO WO WO © Own WOW WO CO OH 


sane 
85 


. 90 
185 


wie 


65 


ab 


= 


oJ 


45 
40 


38 


Oi 
7o0 
230 


40 
34 
34 
ro 
7a 


ale 
siFS 
ati 
a 
06 


Table IVd - S/T/D/SV DATA 
Time : 

Down 162354 June 1971 

Up -- - June 197] 

Cast 162345 June 1971 


T+ T(av) S+ 
lZalg, S506 
eae) 33.80 
10235 33.94 
S3uoe 
9.09 One $3599 
8.85 8.85 Sooo 
Seis 8.74 34 .00 
3263 8.64 34 .03 
| 8.60 8.58 34.04 

| 8.55 8.54 | 34.04 | 

8.45 8.45 34.05 
8.38 8239 34.06 
8.30 8.34 34 .08 
8.32 8.34 34.08 
G00 Gao? 34 .09 
Seco One 34 .09 
Sno Ouse 34.14 
8.40 Ono, 34.14 
8.40 Ouoy 34.15 
8535 G52 34.16 
Sion 8.26 34.17 
8.2/ Bcc 34.18 
Sa20 GOrale 34.19 
8.19 Ono 34.20 
Onl Ol 34.20 
Oma Soeur 34.21 


g] 


ol 


O 
/oo} 


34. 
34. 
34. 
34, 
34. 
34 


34. 
34. 
34 
34. 
34, 


34. 
34 
34. 
34. 
34 


34, 
34 
34, 
34. 
34. 
34, 
34. 
34. 
34. 
34. 


00 
00 
02 
00 
0] 


0] 


02 
03 


04 


Us 
05 


05 


yy 


08 
08 


us 


14 


14 


es 
16 
ee 


18 
19 
ig 
20 
Ve 


S(av) 
(°/00) 


33 


oc 


Sie 
34. 
34. 


34. 
34 
04 
54, 
Us 


34 


34 


34. 
34. 
34. 
34, 
34. 


34. 


poe 
30: 
70 


90 


9] 
00 
00 


01 
03 


Ua 


06 
08 
08 
C8 
09 


14 


341.4 
34. 
34 
34 
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34. 
cu 
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34 


15 
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18 
is 


20 
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Table IVe - S/T/D/SV DATA 
Time: 

Down 170300 June 1971 

Up - - - June 197] 

Cast 170300 June 1971 
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TABLE VIa - CONVERSION TABLE: Feet to Meters 


mee | METERS 

25700) pee 

50.00 15.24 

fA ON) 22.86 
100.00 30.48 
IZon00 Sold 
150.00 45.72 
175.00 DH O4 
200.00 60.96 
Zisy Ni) 68.58 
250.00 76.20 
275.00 Soma 
300.00 91.44 
Syaee 010 9995 
350.00 106.68 
375 On 114.30 
400. GU t24 O82 
425.00 129654 
450.00 137 16 
475.00 144.78 
900.00 Ip2.40 
525 .00 160.02 
990.00 167.64 
5/5.00 Powe 
600.00 182.88 
625.00 19050 
650.00 oeeelkZ 
675.00 Zo 4 
700.00 ZS aso 
725.00 Zoe 
750.00 228.60 
LIS L080) 02a 
800.00 243.84 
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TABEES VI °c - XBT DATA* 
Date: 16 June 1971 


| TIME | 0600 | oes 0742 O800 0900 } 1000 | 1030 
— 
(Feet) (° F) (° F) (° F) (° F) 





ee 53-3 58.3) 53.3 | 53.7 | 53.8 | 53.0 | 53.2 | 53.0 
o5 | 52.9 | 53.8 | 53.1] $3.2 a =a.0 | 83.0 | 53.0 | 53.0 | 23.0 
50 | 50.0 | 52.0 | 52.0] 50.8 | 51.2 | 50.8 | 51.0 | 50.9 | 51.0 
75 | 49.2 | 50.0 | 50.0] 49.9 | 50.6 | 50.3 | 50.7 | 50.8 | 50.8 
100 | 48.9 | 50.0 | 49.3} 49.1 | 50.0 | 49.9 | 50.0 | 49.9 | 50.1 
25 | 48.8 | 50.0 | 48.8] 49.0 | 49.5 | 49.0 | 49.3 | 49.2 | 49.2 
50 | 48.2 | 50.4 | 48.8] 48.8 | 49.2 | 49.0 | 49.1 | 49.1 | 49.0 
75 | 48.2 | 50.1 | 48.8} 48.7 | 49.0 | 48.7 | 49.0 | 49.0 | 48.5 
200 | 48.2 | 50.0 | 48.6] 48.7 | 49.0 | 48.7 | 48.8 | 48.9 | 48.4 
25 | 47.9 | 50.0 | 48.4) 48.6 | 48.9 | 48.6 | 48.7 | 48.8 | 48.0 
50 | 47.9 | 50.0 | 48.4] 48.6 | 48.9 | 48.5 | 48.7 | 48.7 | 48.0 
75 | 47.3 | 49.6 | 48.1] 48.2 | 48.7 | 48.0 | 48.0 | 48.2 | 47.0 
300 | 47.2 | 49.3 | 48.0! 48.0 | 48.4 | 47.9 | 47.9 | 48.1 | 47.7 
Be |) 47.3 | 49.2 | 47.8 || 47.8 | 48.2 | 47.7 | 47.9 | 48.0 | 47.7 
50 | 47.3 | 49.1 [47.7] 47.7 | 48.1 | 47.7 | 47.9 | 47.9 | 47.4) 
ee ae Ae ee ro te ee ce 
400 | 47.0 | 49.0 | 47.4] 47.5 | 47.9 | 47.5 7} 47.8 | 47.8 ian 
25 | 47.0 | 49.1 | 47.3] 47.3 | 47.7 | 47.4 | 47.8 | 47.7 | 47.3 
mm) 46.9 148.9 1 47.2| 47.2 | 47.7 | 47.3 | 47.8 NAT? . 473 
75 | 46.9 | 48.8 |47.2| 47.2 | 47.6 | 47.3 | 47.8 | 47.6 | 47.1 
500 | 46.8 | 48.8 | 47.1] 47.2 | 47.4 | 47.2 | 47.8 | 47.5 | 47.0 
25 | 46.0 | 48.8 | 47.11 47.1 | 47.4 | 47.1 | 47.8 | 47.3 | 47.0 
Ba | 47.0 | 48.7 447.0) 47.1 | 47.4 | 47} 47.8 | 47-2 | 47.0 
75 | 47.0 | 48.7 147.0] 47.0 | 47.3 | 47.3 | 47.8 | 47.6 | 46.9 
600 | 46.8 | 48.8 |47.0| 47.0 | 47.1 | 47.3 | 47.2 | 47.3 | 46.9 
25 | 46.7 | 48.7 | 47.0] 47.0 | 47.1 | 47.2 | 47.2 | 47.2 | 47.0 
50 | 46.6 | 48.7 |46.8| 46.9 | 47.0} 47.1 | 47.3 | 47.3 | 46.9 
75 | 46.0 | 4.87 |46.7 | 46.9 | 46.9] 47.0 | 47.3 | 47.2 | 46.9 
700 | 46.0 | 48.0 |46.6 | 46.7 | 46.8] 47.0 | 47.2 | 47.1 | 46.8 
25 | 46.0 | 47.9 |46.3| 46.6 | 46.7] 46.9 | 47.2 | 47.0 | 46.8 
50 | 46.0 | 47.8 |46.2 | 46.5 | 46.5 | 46.7 | 47.2 | 47.0 | 46.8 
75 | 45.7 | 47.9 |46.2 | 46.2 | 46.4] 46.6 | 47.1 | 47.0 | 46.8 
g00 | 45.6 | 47.7 |46.0 | 46.3 | 46.0] 46.2 | 47.0 | 46.5 | 46.7 





* See Tables VIa and VIb for Conversion of Feet to Meters and Degrees 
Fahrenheit to Degrees Celsius. 
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TABLE VI c 


- XBT DATA* 








Date: 16 June 1971 
TIME 1430! 1600} 1700 | 1800! 2000 | 2200 | 2340 
DEPTH i if T T fi T 
(Feet) ec te |: aia) Bh Ci ete): Cer) 

0 53.3] 53.5} 54.2 | 53.91 54.0 | 54.0 | 54.0 
25 53.3} 53.3] 54.0 | 53.9} 53.9 | 54.0 | 54.0 
50 53.0) 52.01 51.5 | 53.4] 51.0 | 53.1 | 51.0 
75 51.0] 49.0] 49.5 | 51.0] 49.9 | 50.2 | 50.8 

100 50.3] 48.9 | 49.2 | 49.2] 49.8 | 50.0 } 50.5 
25 49.01} 48.8] 48.1 | 48.9] 48.5 | 48.4 | 48.3 
50 ae.8 | 48.2 | 47.9 |=48.0| 48.1 | 48.1 | 4e@.1 
75 48.51 48.1 | 47.7 | 47.81 47.9 | 48.0 | 48.1 

200 48.4] 47.8 | 47.5 | 47.7] 47.8 | 47.8 | 48.0 
25 Wee 3 | 47-5 | Ages) 47-61 ages | es 1 47.8 
50 48.3) 47.2 | 47.3 | 47.5] 47.5 | 47.8 | 47.7 
75 Wo.0 47.2 | 47.2 | 47.41 47.3 i 47.8 | 47.6 

300 we.2 1.47.0 | 47.1 | 47.3! 47.2 | 47.8 | 47.5 
25 Wea) Bey Tl Aya | Age? | Agee Mae oo | ap 4 

} 50 gage Bel 47 | ear 2k are? 4 47 7 leaTe 
| 46.0) 47.2 | 47.2 1 a7.2¢ 42.2 1 ee fa 3 

400 He 0 | waves | ae. 7 [e721 ae? 1 eS way 2 
25 W794 71! 474 | ae 2 eee Be | 47.2 
50 io 47 O | 47.1 |W .3) 472 a7 ed 
75 A7.9 \ 47.0 | 47.2 \way7.1 | 47.1 \47-8 147.2 

500 Ae Gul AGe Oe) 7 aly le eee cer arte lary a) 
25 47 ee! 46.7 | 47.1 | 47.11) 47.2 | 47.7 2 
50 a7 .8 046.7 W 47.1 |e 0 1 Aree 177 wy 2 
75 a7 .8°| 46.8 |47.1 | 47.0 |) Aree i 8 a7 

600 A768.) 46.8) 47.1 |) 46.9 | 47.2 4 47.9 a7 
25 A7.7 |°46.7 | 47.0 | 4609 | 470) H 47.7 \74720 
50 47.6 | 46.7 | 46.8 | 46.8 | 47.0 | 47.5 | 46.9 
75 47.5 | 46.6 | 46.8 | 46.7 | 47.0 | 47.4 | 46.9 

700 47.5 | 46.6 | 46.7 | 46.5 | 46.9 | 47.3 | 46.9 
25 47.4 | 46.5 | 46.5 | 46.4 | 46.8 | 47.2 | 46.8 
50 47.3 | 46.5 | 46.5 | 46.3 | 46.7 | 47.1 | 46.8 
75 47.2 | 46.3 | 46.4 | 46.3 | 46.6 | 46.9 | 46.7 

800 46.7 | 46.2 | 46.3 | 46.2 | 46.5 | 46.8 | 46.7 


*See Tables VIa and VIb for Conversionof 
Fahrenheit to Degrees Celsius. 
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Feet to Meters and Degrees 





TABLE VI d - XBT DATA* 
Date: 17 June 197] 


0400 | 0512 | 0600 | 0700 | 0810 

i T T T T 

STE ee UE ae 
53 Bo 





TIME 0030 | 0200 


peptH | «oT Of OT 
fe 
5 





0 mileG4G al 53,9 4654 G)] 53.8 we ON) Sen) lasers 
25 Ao 54.0% 53.1 1953.9 | 52.1 | 53.1 | 52.2 | 52.2 | 53.0 
50 ozo 452.0) | 51.2 | 51.1 | 51.2 | 51.2 | 50.5 | 51.2 | 51.8 
75 bo 151.0 | 51.0 | 50.2 | 49.1 | 49.0 | 49.1 | 50.0 | 51.0 

100 50.6 | 49.0 | 49.0 | 48.6 | 48.5 | 48.1 | 48.4 | 49.0 | 49.5 
25 49.0 | 48.6 | 48.5 | 48.1 | 48.2 | 48.0 | 48.0 | 48.5 |} 49.0 
50 | 48.1 | 48.2 | 48.2 | 48.0 | 48.1 | 48.0 | 48.0 | 48.3 | 48.2 
75 48.0 | 48.0 | 48.0 | 47.8 | 48.0 | 47.8 | 47.8 | 48.0 | 48.0 

200 47,8 | 47.9 | 48.0 | 47.8 | 47.9 | 47.8 | 47.8 | 47.9 | 48.0 
25 Wem lear?) || 47.9 | 47,5 1947.9 147.7 | 47.7 | 47.8 29 
50 Woe 47.7) 27.9 | 47.5 ) 47.901 47.6 | 47.7 A7.7 | 47.8 
75 mes | 47,7 \ Ages jet714 | 47.7° 147.5 | 47.5 WA7.4 a7. 

300 ed 47.6 | 47,7) 147.3 1 4765 | 47.4 | 4704 (47.3 a7 
25 Mimo eo7 eo ety .5 | 472 Was.5 | 27.4 | 47.5 | 47.4 | 47.4 

sO 47.) 9 47.2 | 47.5 1.47.2 | 47.5 | 47.4 | 47.3 47.1 147.4 
ey ty 47.0 1 47d SP o 47d jeg 0a Par Pee ee 

400 47.0 | 47.1 | 47.3 | 47.0 | 47.5 | 47.3 | 47.2 | 47.2 | 47.21 
25 ome Vag.) | 47.3 | 47.2 | 47.3 147.21 47,1 147.2 edge 
50 Memo ty gm 47.3 1 47.2 | 47-9 ego | ag Clea) |) ee 
75 Prey 0 | 47.3 47.01 472° 14710170 Wer) eee 

500 Hy ta? 0 | 27,2047 Ge ag a7) lee Ona. Sea 
25 M0 | 47.0 | 47.2 4646.9) | 47.1470 IZ 20 7 eo 
50 We) 47.001 47.0 146.7 | 47.1 1 47-00 ero Way. ln ae 4G 
75 47.1 | 46.9 | 47.0 | 46.6 | 47.0 | 46.6 | 46.9 147.0 | 47.0 

600 47.0 | 46.9 | 46.9 | 46.6 | 47.0 | 46.6 | 46.9 | 47.0 | 47.0 
25 47.0 | 46.8 | 46.5 | 47.0 | 46.8 | 46.8 | 46.9 146.9 | 46.9 
50 46.9 | 46.8 | 46.7 | 46.7 | 46.9 | 46.8 | 46.7 146.9 | 46.7 
75 46.9 | 46.9 | 47.0 | 46.8 | 46.9 | 46.8 | 46.4 146.8 | 46.7 

700 46.8 | 46.9 | 47.0 | 46.7 | 46.9 | 46.7 | 46.4 | 46.7 146.5 
25 46.8 | 46.9 | 46.9 | 46.6 | 46.9 | 46.6 | 46.3 146.4 {46.5 
50 46.7 | 46.9 | 46.9 | 46.6 | 46.8 | 46.6 | 46.3 | 46.3 | 46.5 
75 46.7 | 46.8 | 46.8 | 46.5 | 46.6 | 46.4 | 46.2 146.3 | 46.3 

800 46.6 | 46.8 | 46.8 | 46.3 | 46.4 | 46.3 | 46.1 |46.2 [46.3 


*See Tables Vla and VIb for Conversion of Feet to Meters and Degrees 
Fahrenheint to Degrees Celsius. 
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TABLE VIIIa - DENSITY DATA 
Date: 16 June 1971 


TIME DEPTH (METERS) DENSITY (o-) GRADIENT 
(07/1 00m) 
0603 5 25.853 ae 
10 25.905 1.04 
15 25.957 88 
20 26.176 1.09 
30 26.291 62 
40 26 .339 50 
50 26.795 ay 
75 26.403 14 
100 26.465 ne 
125 26.519 22 
150 26.574 08 
175 26.558 14 
200 26.643 ae. 
225 26.671 ae 
0808 5 25.816 23 
10 25.905 1.59 
15 MG 864 ) a 
20 26.159 . £95 
30 26.275 55 
40 26.307 es 
50 26.331 10 
75 26.323 .20 
100 26.434 28 
125 26.473 al 
150 26.543 16 
175 26.558 14 
200 26.613 14 
225 26.625 re 
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TABLE VIIIa(Cont'd) - DENSITY DATA 
Date: 16 June 197] 





TIME | DEPTH (METERS) DENSITY (o-) GRADIENT 
1025 5 25.853 
10 25.924 
15 26.064 
20 26.107 
30 26.191 
40 26.274 
50 26.298 
75 26 .339 
100 26.419 
125 26.458 
150 26.497 
175 26.497 
200 26.583 
225 26.551 
1355 5 25 823 ee 
0 95 206 - 34 
15 25.861 82 
20 25.986 1.66 
30 26.165 1.22 
40 26.291 1.01 
50 26 .308 24 
75 26.387 Ww 
100 26.395 09 
125 26.434 14 
150 26.465 a 
175 26.505 22 
200 26.575 16 


O 26. 990 =a 
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TABLE VIIIa (Cont'd) - DENSITY DATA 
Date: 16 June 1971 








a 


DENSITY (or) GRADIENT 
(o/100m) 


TIME DEPTH (METERS) 


1627 


181] 


122 


%. 





| TABLE VIIIa (Cont'd) - DENSITY DATA 
Date: 16 June 1971 





TIME DEPTH (METERS) DENSITY (oz) GRADIENT 
(o7/100m) 

2 ak 2 CON oe 

10 29.. Fao 

IS 25.842 

20 ZOmUS! 

30 26.168 

40 26.347 

50 26.360 

is 26.403 

100 26.434 

125 26.450 

150 26.458 

175 Zone 

200 262551 

229 26.590 


2317 | 5 25.755 --- 





as 
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TABLE VIIIb - DENSITY DATA 
Date: 17 June 1971 





DEPTH (METERS) DENSITY (o7) GRADIENT 
(o+/100m) 

0226 5 25.755 
10 25.851 

15 25.975 

20 26.024 

30 26.259 

40 26. 332 

50 26. 356 

75 26.419 

100 26.465 

125 26.535 

150 26.574 

175 26.574 

200 26.594 

225 26.621 

0424 7 5 , 25.755 
10 25,889 

15 26.064 

20 26.093 

30 26.292 

40 26.364 

50 26.356 

75 26.434 

100 26.496 

125 26.535 

150 26.574 

175 26 589 

200 26.612 

225 26.651 
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TABLE VIIIb (Cont'd) - DENSITY DATA 
Date: 17 July 1971 





— 
TIME DEPTH (METERS) density (oz) GRADIENT 


(o./100m) 


Sate = Se Se 





Re Se ee 


45: 





TABLE VIIIb (Cont'd) - DENSITY DATA 
Date: 17 July 1971 


DENSITY (oz) GRADIENT 
(o7/100m) 


LOO S 
Zoe 
26.009 
26.062 
2G, 20g 


Zon COL 
26.356 
26.403 
26.48] 
26400) 


ZO OGH 
26.582 
26.610 
26.605 


6 See 


DEPTH (METERS) 
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Figure 52a. S/T/D/SV Traces. 
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Figure 52c. 


138 





(s/W)AS 


( 


ee te at = sat - 


- 8 





$ 
i) 


Jo)L 


Ss 


ig 


| 


1 


Oost 
OL 


ove 


Pes eae eee eee 


-40-- } 
\ 





(w) yyded 


(wi) uQdaq 


5/1) Oy me iveces: 


Figure 52 d. 


leo 














——--— en ee 


Leta oh 
+t. 


(uw) 4yadag 


47daq 





f | Sore teeter 
Se mene qo ee eee = == ¢ SN Aan 
‘ ' . 

* ° 


< 
(1) 


‘ $ + 
’ 


— pemnns pa 00 


S/T/D/SV Traces. 


fagure Sacer 


140 





ae 


3. 


ey 


BIBLIOGRAPHY 


Bader, H., "The Hyperbolic Distribution of Particle Size," Journal 


et ee ee 


of Geophysical Research, vy. 75, p. 2822-2830, 20 May 1970. 


Baker, R.E., The Comparison of Oceanic Parameters with Light Attenua- 
tion in the Waters Between San Francisco Bay and Monterey Bay, 


California, M.S. Thesis, NPS, Monterey, California, April 1970. 


Bolin, R.L., Hydrographic Data from the Area of the Monterey Sub- 
Marine Canyon, 1951-1959, Hopkings Marine Station, Stanford 


University, Pacific Grove, California, p.iv-v, 30 July 1963. 


Burt, W.V., “Extinction of Light by Filter Passing Matter in 
Chesapeake Bay Waters," Science, v. 118, p. 386-387, 1953. 


Burt, W.V., “Interpretation of Spectophotometer Readings on 
Chesapeake Bay Waters," Journal of Marine Research, v. 41, 
p. 33-46, 1955. 


Carpenter, J.H., "The Chesapeake Bay Institute Technique for tne 
Winkler Dissolved Oxygen Method," Limnology and Oceanography, 


[CMe 21. ee 
wy toe e 2 -« ee *~- 9 —- - = « 





ineleys o.0., Light in the Sea,” dournalver the Optical Soerety 
of America, v. 53, p. 214-233, 1963. 


Hulburt, R.S., "Optics of Distilled and Natural Water," Journal of 
tnemUptical soemety of Americas Vv. So siemoge—7 00. . | oae 


Jerlov, N.G., "Factors Influencing the Transparency of the Baltic 


Waters," Meddelanden fran Oceanografiska Institutet i Gdteborg, 
Vemco. pe 19, (55, 


Jerlov, N.G., "Optical Oceanography," Oceanography and Marine 
Biologys An Anna! Reviews. vs 5 p.ec = teelebe. 


Jerlov, N.G., Optical Oceanography, Elsevier Publishing, Co., New 
MOuKe goo. 


Kalle, K., "What Do We Know About 'Gelbstoff'?" International Union 
of Geodosy and Geophysics, Monograph, v. 10, p. 59-62, 1961. 


Kalle, K., "The Problem of Gelbstoff in the Sea," Oceanography and 
Marine Biology, An Annual Review, v. 4, p. 91-104, 1966. 


See a ol eee 





Labyak, P.S., An Oceanographic Survey of Coastal Waters Between San 
Francisco and Monterey, California, M.S. Thesis, NPS, Monterey, 


California, October 1969. 


14] 





i. 


16. 


i. 


iS. 


he 


AUR 


Z\. 


Ze. 


Ze. 


24. 


ZS. 


20, 


Naval Ordnance Test Station Report TP-3748, Deep Sea Light Attenua- 
tion Measurements with a Null-Balance Transmissometer, by R.S. 


Hughes and R.W. Austin, p. 1-14, February 1965. 


Ochakovsky, Y.E., "On the Dependence of the Total Attenuation Co- 
efficient Upon Suspensions in the Sea," U.S. Department of 
Commence Jointepubl.agRkes. Ser. Report, v. 36, p. 16-24) 1966, 
originally in Investigations in Hydrooptics: Inst. Okean. Trudy, 
vee ee) 55-40.) 965. 


Pytkowicz, R.M., "Oxygen Exchange Rates Off the Oregon Coast," 
Deep-Sea Research, v. 11, p. 381-389, 1964. 


Scripps Institute of Oceanography Visibility Leboratory Memorandum, 
Proposed Development of a Null Balance Transmissometer for 
Oceanographic Survey, by R.W. Austin, 12 August 1959. 


Scripps Institute of Oceanography Visibility Laboratory Report SIO 
Ref. 68-9, An Underwater Transmissometer for Ocean Survey Work, 
by T.J. Petzold and R.W. Austin, Aprii 1968. 





Shepard, A.B., A Comparison of Oceanic Parameters During Upwelling 
Off the Central Coast of California, M.S. Thesis, NPS, Monterey, 
California, September 1970. 








Skogsburg, T., "Hydrography of Monterey Bay, Cal., Thermal Condi- 
trans 99929 - 1022 © Transactions of the 4Smerdean Pi: reSOpiees | 


~ py e+e ® 


Society, v. 29, December 1936. 


Smith, R.L., "“Upwelling," Annual Review of Oceanography and Marine 


ee ere we 


PyOmee harOlde=barmes, Cds... 6, p. [I-46 oan. 








Soluri, E.A., A Comparison of Oceanic Parameters During the Oceanic 
Pewiod Off the Central Coast of California, M.S. Thesis, NPS, 


Monterey, California, March 1971. 











Strickland, J.D.H., and T.R. Parsons, A Practical Handbook of Sea- 
water Analysis, Fisheries Research Board of Canada, Ottawa, 
p. 49-52, 1968. 


Tyler, J.W., and R.W. Preisendorfer, "Transmission of Energy Within 
the Sea," The Sea, Hill, ed., v. 1, p. 397-407, 1962. 


Yeske, L.A., and R.D.Waer, The Correlation of Oceanic Parameters 
With Light Attenuation in Monterey Bay, California, M.S. Thesis, 
NPS, Monterey, California, December 1968. 


142 





VET EAL DISTRIBUTION EIST 


Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 


Library, Code 0212 
Naval Postgraduate School 
Monterey, California 93940 


Department of Oceanography 
Naval Postgraduate School 
Monterey, California 93940 


Officer in Charge 

Fleet Numerical Weather Facil 
Naval Postgraduate Scnool] 
Monterey, California 93940 


No. Copies 


ty 


Commanding Officer and Director | 
Naval Undersea Research and Development Center 


‘ ~~ A a ah 
Aerrn: Ose 72 40) 


san Diedes California 92152 


Director, Naval Research Laboratory ] 
Attn: Tech. Services Info. Officer 


Hasmington, D.C. 20390 


Office of Naval Research 
Department of the Navy 
Washington, D.C. 20360 


Qceanographer of the Navy 
The Madison Building 

732 N. Washington Street 
Alexandria, Virginia 22314 


Dr. Ned Ostenso 


Office of Naval Research, Code 480D 


Arlington, Virginia 22217 


PEO Kendal lke Carder 
Marine Science Institute 
University of South Florida 
830 First Street South 

St. Petersburg, Florida 33701 


143 





a2. 


ir. 


14. 


5 


eS 


7 


r. 


a0. 


Zl. 


LT. T.W. Crews, III 

U.S.S. San Jose (AFS-7) 
F.P.0. San Francisco 96601 
Dr. David Allen 

Pacific Support Group 

Naval Oceanographic Office 
San Diego, California 92152 


Naval Oceanographic Office 
mttn: Library 
Washington, D.C. 20390 


National Oceanographic Data Center 
Washington, D.C. 20390 


Director, Maury Center of Ocean Sciences 
Naval Research Laboratory 
Washington, D.C. 20390 


Mr. Roswell W. Austin 

Visibility Laboratory 

Scripps Institution of Oceanography 
La Jolia, California 92037 


Mr. Thomas E. Bailey 

Central Coastal Regional Water Quality Control Board 
1108 Garden Street 

San Luis Obispo, California 93401 


Mr. George Schaefer 

Pacific Support Group 

Naval Oceanographic Office 
San Diego, California 92152 


Dr. Wayne V. Burt 
Department of Oceanography 
Oregon State University 
Corvalilac. Oregon 97331 


Dr. Peyton Cunningham 
Department of Physics 
Naval Postgraduate School 
Monterey, California 


Mr. Fred H. Dierke 

Regional Water Quality Control Board 
364 Fourteenth Street 

Oakland, California 94612 


144 


No. Copies 


3 





Ge. 


ZS. 


24. 


Zo. 


co. 


Zl 


ZO. 


Zo; 


Sv. 


Si? 


No. Copies 


Dr. Siebert Q. Duntley ] 
Visibility Laboratory 

Scripps Institution of Oceanography 

La Jolla, California 92037 


Mr. George Eck 1 
Naval Air Development Center 
Johnsville, Warminster, Pennsylvania 18974 


Mr. Gary Gilbert ] 
Stanford Research Institute 
Menlo Park, California 94025 


bre. RC. Honey | 
Stanford Research Institute 
Menlo Park, California 94025 


Mr. Kenneth V. Mackenzie ] 
Ocean Sciences Department - Code D503 

Naval Undersea Research & Development Center 

San Diego Division 

San Diego, California 92152 


Dr. Robert E. Morrison ] 
AGT 

Office of Environmental Systems 

NOAA 

6010 Executive Blvd. 

Rockville, Maryland 20852 


Mr. Jerry Norton | 
Oceanography Department 

Naval Postgraduate School 

Monterey, California 93940 


mr. Larry Ott Z 
Naval Air Development Center 
Johnsville, Warminster, Pennsylvania 18974 


Mr. Robert Owen ] 
U.S. Bureau of Commercial Fisheries 
La Jolla, California 92038 


Mr. James Reese ] 
Ocean Sciences Department - Code D503 - 

Naval Undersea Research & Development Center 

San Diego Division 

San Diego, California 92152 


145 





SZ. 


oo. 


34, 


30. 


SO). 


Sy. 


Sc. 


So. 


40. 


4). 


No. Copies 


Dr. E.B. Thornton | 
Department of Oceanography 

Naval Postgraduate School 

Monterey, California 93940 


Mees. P. Tucker 6 
Department of Oceanography 

Naval Postgraduate Schoo] 

Monterey, California 93940 


Mr. John E. Tyler | 
Visibility Laboratory 

Scripps Institution of Oceanography 

La Jolla, California 92037 


— 


Dr. Hasong Pak 

Department of Oceanography 
Oregon State University 
Corvallis, Oregon 97931 


Mr. John Arvesen | 
Mail Stop 234-1 

Ames Research Center 

hopmect Field, California 94035 


Mr. Alan Baldridge, Librarian 1 
Hopkins Marine Station 
Pacific Grove, California 93950 


Mr. Ted Petzold | 
Visibility Laboratory 

Scripps Institution of Oceanography 

La Jolia, California 92037 


Dr. Gary Griggs ] 
Division of Natural Science - II 

University of California, Santa Cruz 

Santa Cruz, California 95080 


Director 1 
Moss Landing Marine Laboratories 
Moss Landing, California 95039 


Mr. W.J. Stachnik ] 
Optical Systems - 

U.S. Navy Underwater Sound Laboratory 

Fort Trumbul | 

New London, Connecticut 06320 


146 





42. 
43. 


44, 


45. 


No. Copies 


Mr. Raymond N. Vranicar Z 
Code AIR-370D 

Naval Air Systems Command 

Washington, D.C. 20360 


Mr. Irvin H. Gatzke 2 
Code AIR-370 

Naval Air Systems Command 

Washington, D.C. 20360 


Dr. H.R. Gordon ] 
Institute of Marine Sciences 

University of Miami 

10 Rickenbacher Causeway 

Miami, Florida 33149 


Dr. Robert W. Holmes | 
Marine Sciences Institute 

University of California 

Santa Barbara, California 93106 


147 





7 





Security Classification 
_ = ; 4 ms SCTE RS TE EE Se 8 ‘ 
| DOCUMENT CONTROL DATA-R&D 
(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified) 


1 ORIGINATING ACTIVITY (Corporate author) 28. REPORT SECURITY CLASSIFICATION 


Unclassified 


265. GROUP 






| Naval Postgraduate Schoo] 
} Monterey, California 93940 


LS CL SS TG ates, 4 
3 REPORT TITLE ee di 


1A Study of Light Attenuation in Monterey Bay, California 


eee we eee ee 


fg 4 CESCRIPTIVE NOTES (Type of report and, inclusive dates) 


Master's Thesis; (September 1971) 


7 a LRT ELE Dea nae yea gee pa ame ee MEN a cee A a area veep pean dub ibenvenmmsiamnaeene ee 
5. AUTHOR(S) (First name, middie initial, lastname) 


| 
"| Thomas Walter Crews, ITI 
| 
| 


£6. REPORT ODOATE [74. TOTAL NO. OF PAGES 7b. NO. OF REFS 
+ September 1971 145 26 
F 8a. CONTRACT OR GRANT NO. 9&8. ORIGINATOR'S REPORT NUMBER(S) 


b. PROJECT NO. 


te. 9b. OTHER REPORT NOUS) (Any othet numbers that may be «ssigned 
this repori) 


i d. 
| 10. DISTRIBUTION STATEMENT 


Approved for public release; distribution unlimited. 


ee ee mm T mn. 


12. SPOCNSCRING MILIT4SRYVY ACTIVITY 


Naval Postgraduate Schooi 
Monterey, California 93940 





P11. SUPPLEMENTARY NOTES 
















ee 


13. ABSTRACT 


A single ocean station was occupied for 27 hours during the Upwelling Period 
in Monterey Bay, California, to study light attenuation and its relation to other 
Standard oceanographic parameters. Comparisons were made with earlier local 
Studies. 


It was found that the vertical distributions of the oceanographic parameters 
Studied are dependent on both the seasonal conditions and geographical location. 


The largest concentration of suspended particles was found in the upper 10-15 m 
of the water column where most of the light attenuation occurred. The largest 
attenuation gradient was found in the pycnocline. A linear relation was suggested 
between the attenuation coefficient and the cumulative projected cross-sectional 
area of the particles. 






Apparent relations were founc between light attenuation and temperature, 
Salinity, density, and oxygen and phosphate concentrations. 









art = OL RL SRP DE EP EEO Ga AEE REET CE PL 
FORM (PAGE 1) 


S/N 0101-807-6811 148 Security Classification 


A-31408 





Security Classification 


errr ESI PEE MEETS SA EIS SARE AE ea a 5 
[owe [wove | wr | wove [ws 


Beam Transmission 
Central California Coast 
Coulter Counter 

Light Attenuation 
Monterey Bay, California 
Oceanographic Survey 
Oxygen 

Particulate Matter 
Phosphate 

Suspended Material 
Temperature 

Upwelling Period 
Salinity 

Temperature 

Density 


= 
- 
= 
= 
—— 
ea 





eiesek Ri, act een 7 n uae ae 
ey 4 73 (BACK , 


O101-807-6621 - i 
149 Security Classification A-31409 


(a. 








Thesis 131266 \ 
— C858 Crews 
el A study of light 


attenuation in Monte- 
rey Bay, California. 








